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NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell
any patented inveniion that may in any way be related thereto.
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BRIEF OUTLINE OF RESEARCH FINDINGS

This summary describes the‘work on ARO Grant Number DAAG29-79-C-0082

dPSfrr’ on

from 1 January to 30 June, 1982. The purpose of this g;gﬁtp1s tc.devplopnﬁ
A

theory iand techniques for small antennas mounted or structures, for
printed-circuit antennas, and for K-pulse applicationsa\ The specific
objective for this reporting period was to develop the tHeory, techniques
and computer codes for electrically small antennas mountdgd on quite
general structures.

To achieve our obJectwve for this period, we developed the

Vs

electromagnetic theor%,for a h r1zonta1 cylindrical structure in the
i

1

presence of a horizontal dielectric interface. The cylindrical structure
may be a conducting body or a concentric dielectric multilayer. It may
represent a thick cylindrical antenna, a structure on which the antenna
is mounted, or part of the environment in which the antenna operates.

The horizontal dielectric interface may represent the air-earth
interface, or it could be a grounded dielectric substrate such as the
microstrip antenna environment. The cylindrical structure may be located
either in the dielectric region or in the air. The antenna or source may
be located in the dielectric, in the air, or on the interface.

The field is expressed as a rontinuous or discrete spectrum of TE
and T cylindrical waves.‘ Jsing the wave transformations and the
boundary conditions at the planar dielectric interface, we—developerd

were dewe (o
integral and asymptotic express1one for the cy11n4r1cal-wavn couplings
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introduced via reflection at the interface. Computer subroutines were
developed for these fundamental quantities.

Applications for this development include microstrip antennas and
buried or hardened antennas. {]9“>

With partial support from th1sFS}ant, one paper was accepted for
publication during this period. Next we present the abstract of this

paper,




SCATTERING FROM CYLINDRICAL INHOMOGENEITIES IN A LOSSY MEDIUM
Professor Leon Peters, Jr. and Professor Jack H. Richmond

The Ohio State University ElectroScience Laboratory
Department of Electrical Engineering

Columbus, Ohio 43212

ABSTRACT

Many buried scattering objects of interest take the form of two
dimensional (2-D) geometries. This includes scattering from utility lines,
tunnels, and geological structures such as fault lines. Radar systems used
to detect these objects commonly use antennas thaf are at least comparabie
in size to the depth of the target. Thus the target and the antenna do not
satisfy far zone conditions and the radar range equation is not applicable.
Consequently the usual separate analyses of range, antenna and target are
not possible. In a previous paper a method was outlined that permitted the
antenna properties and the scattering properties of a 2-D target to be
treated separately for the case of a linear electric or magnetic dipole
source parallel to the axis of the 2-D scatterer. This involved computing
the received voltage for an antenna located at the image position; i.e., at
twice the target range and computing the back scattered fields for an
electric or magnetic line source at the position of the transmitting
antenna. This model has also been applied approximately to a Video Pulse

radar with an orthogonal dipole antenna system. It would also he applicable
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to large loop antennas quite commonly used in geophysical explorations as
will be discussed. The primary goal of this paper is to discuss additional
scattering inalyses that could be used to extend the previous results. The
major thrust then is to generate solutions for the scattering attenuation

function (SAF) which has the form

ES o HS

El  HI
where EI (or HI) are the electric (or magnetic) fields of an electric (or
magnetic) line source at the image position and ES (or HS) are the
respective scattered fields. Figenfunction solutions have been used to
obtain the SAF for circular cylindrical geometries to represent pipes and
tunnels. Moment method solutions have been applied to perfectly conducting
wires with and without a dielectric sheath. Moment method solutions have
been applied to non circular penetrable bodies using the polarization
currents to represent the unknowns. Such solutions have been developed for
a line source ahove dikes by Parry and Ward [1971] and Hohman [1975] in the
early seventies. Such solutions can be made for frequencies that include
several target resonances for potential target identification. These
solutions can possibly be extended to include fault lines, joints, etc.,
provided their electrical properties can be estimated by using some of the
concepts involved in the hybrid GTND-moment approach. The methods of the
modified geometrical optics could also be applied to obtain scattered fields
at higher frequencies. These and other potential approaches will be

discussed.




